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Cell Cultare 



The invention relates to a method for culturing mammalian cells; a cell culture 



substrate comprising a cell culture surface comprising a plasma polymer of an acid 
5 monomer aad jBbroblast feeder cells; and culture vessels comprising said substrate. 

'The culturing of eukaryotic cells, for example mammaliaD cells, has become a 
routine procedure and cell culture conditions which allow cells to proliferate are well 
defined. Typically, cell culture of mammalian cells requires a sterile vessel, usually 

10 manufactured from plastics, defined growth medium and, in some examples, 
fibroblast feeder cells and serum, typically calf serum. The feeder cells function to 
provide mitogenic signals which stimulate cell proliferation and/or maintain cells in 
an undifferentiated state. The feeder cells are typically fibroblasts which have been 
treated such that the fibroblasts camiot proliferate (e.g. mitomycin or irradiation 

15 treatment). Typically feeder fibroblasts are murine in origin (as in Rheinwald and 
Green, 1975). It would be advantageous if cell culture conditions could be established 
which did not require the addition of xenobiotic materials such as bovine serum or 
murine cells since their use increases the likelihood of infectious agents (e.g. viruses 
and prions, in particular for bovine products, and murine vimses for mouse feeder 
20 cells) infecting manmialian cells grown in culture. With respect to feeder cells it 
would be advantageous also if autologous fibroblasts could be used as a feeder layer 
and that these could be growth arrested without the use of mitomycin C or irradiation 
treatment. 

25 Tissue engineering is an emerging science which has implications with respect to 
many areas of clinical and cosmetic surgery. More particularly, tissue engineering 
relates to the replacement and/or restoration and/or repair of damaged and/or diseased 
tissues to return the tissue and/or organ to a functional state. For example, and not by 
way of limitation, tissue engineering is useful in the provision of skin grafts to repair 

30 wounds occurring as a consequence of: contusions, or bums, or failure of tissue to 
heal due to venous or diabetic ulcers. Tissue engineering requires in vitro culturing 
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of rqjlacement tissue followed by surgical appUcation of the tissue to a wound to be 
repaired. To increase the likelihood that the in vitro generated tissue is free from 
infectious agents it would be desirable to reduce or avoid exposure of tissue to 
xeQobiotic agents which maybe present in serum or xenobiotic cells 

5 

We have utilised 'plasma polymerisation" to fabricate cell culture vessels for the 
culture of maimnahan cells. 

Plasma polymerisation is a technique which allows an ultra-thin ( eg ca.200nm) cross 
10 linked polymeric fihn to be deposited on substrates of complex geometry and with 
controllable chemical functionality. As a consequence, the surface chemistry of 
materials can be modified, without affecting the bulk properties of the substrate so 
treated. Plasmas or ionised gases are commonly excited by means of an electric field. 
They are highly reactive chemical environmeuts comprising ions, electrons, neutrals 
(radicals, metastables, ground and excited state species) and electromagnetic 
radiation. At reduced pressure, a regime may be achieved where the temperature of 
the electrons differs substantially from that of the ions and neutrals. Such plasmas 
are referred to as "cold" or ' Wequilibrium" plasmas. M such an environment 
many volatUe organic compounds (eg volatile alcohol containing compounds, 
volatile acid containing compounds, volatile amine containing compounds, or 
volatile hydrocarbons, neat or with other gases, eg Ar, have been shown to 
polymerise (H.K. Yasuda, Plasma Polymerisation, Academic Press, London 1985) 
coating both surfaces in contact with the plasma and those downstream of the 
discharge. The organic compound is. often referred to as the "monomer*'. The 
dqjosit is often referred to as "plasma polymer". The advantages of such a mode of 
polymerisation potentially include: ultra-thin pin-hole free fihn deposition; plasma 
polymers can be deposited onto a wide range of substrates; the process is solvent free 
and the plasma polymer is free of contamination. Under conditions of low power, 
plasma polymer fihns can be prepared which retain a substantial degree of the 
chemistry of the original monomer. For example, plasma polymerised fihns of aciyhc 
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acid contain the carboxyl group. The low power regime may be achieved either by 
lowering the continuous wave power, or by pulsing the power on and off. 



Co-polytnerisatioii of one or more compounds having functional groups with a 
5 hydrocarbon aUows a degree of control over surface functional group 
concentrations in the resultant plasma copolymer (PCP). Suitably, the monomers 
are ethylenically unsaturated. ITius the functional group compound maybe 
unsaturated carboxyUc acid, alcohol or amine, for example, whilst the 
hydrocarbon is suitably an alkene. By plasma polymerisation, it is also possible 
10 to deposit ethylene oxide-type molecules (eg. tetraethyleneglycol monoallyl 
ether) to form 'non-fouling' surfaces. It is also possible to deposit perfluoro- 
compounds (i.e. perfluorohexane, hexafluoropropylene oxide) to form 
hydrophobic/superhydrophobic surfaces. This technique is advantageous because 
the surfaces have unique chemical and physical characteristics. Moreover, the 
15 surface wettabiUty, adhesion and fiictional/wear characteristics of the substrate can 
be modified in a controllable and predictable manner. 

hi WOOO/78928 we disclose a therapeutic vehicle which comprises a surface with 
high acid functionality which is obtainable by the method of plasma polymerisation. 

20 (high acid functionality describes the high degree of carboxyl (acid) retention 
achieved from the monomer in plasma polymerisation; not the amount of acid in the 
surface). The vehicle treated m this way provides a structure which can support the 
attachment and prohferation of cells and importaatly the detachment of ceUs to 
invade and repair a wound bed. In currently unpubhshed appHcation GB0208930.8 

25 we disclose a polymeric substrate comprising a surface with high acid functionality 
which is also obtainable by plasma polymerisation which has utihty in the delivery of 
cells to a wound in need of repair. 

The present invention relates to a cell culture vessel which is treated by plasma 
30 polymerisation and surprisingly has interesting properties with respect to cell culture 
conditions required to maintain cells in culture in the absence of serum. 
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According to an aspect of the invention there is provided a method for the culture of 
mammalian cells comprising the steps of: 

i) providing a cell cloture vessel comprising: 
5 a) mammalian cells; 

b) a cell culture support comprising a substrate wherein said 
substrate comprises a cell culture surface wherein said surface 
comprises a polymer of an acid monomer and attached thereto, 
fibroblast feeder cells 

10 c) cell culture medium sufficient to support the growth of said 

mammaKan cells wherein said medium does not include 
serum; and 

ii) providing cell culture conditions which promote the* proliferation of 
said'mammalian cells. 
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In a preferred method of the invention said mammalian cells are human. 



In a further preferred method of the invention said mammalian cells are selected from 
the group consisting of: epidermal keratinocytes; dermal fibroblasts; adult skin stem 
20 cells; embryonic stem cells; melanocytes, comeal fibroblasts, comeal epithelial cells, 
comeal stem cells; intestinal mucosa fibroblasts, intestinal mucosa keratinocytes,oral 
mucosa fibroblasts,oral mucosa keratinocytes, urethral fibroblasts and epithelial cells, 
bladder fibroblasts and epithelial cells, neuronal glial cells and neural cells, 
hepatocyte stellate cells and epithelial cells. 



The invention includes other combinations of cells which in vivo act as support cells 
supplying a trophic signals to more specialised differentiated cells. A fiarfher example 
of this would be autologous ceUs, e.g. fibroblasts or epifhehal cells acting as a feeder 
layer to support the survival and expansion of cancer cells required for the diagnosis 
30 or treatme^t of patients-e.g.when tumour cells are cultured with cells of the immune 



system under conditions designed to induce a host immune response when cells (eg 
tumour infiltrating lymphoctes) are reintroduced to the patient 

In a preferred method of the invention said mammalian cells are keratinoc3^es, 
preferably autologous keratinocytes. 

In a further preferred method of the invention said vessel is selected from the group 
consisting of: a petri-dish; cell culture bottle or flask; multiwell plate. '"Vessel" is 
construed as any meaus suitable to contaia a manmialian cell culture. 

In a preferred method of the invention said substrate comprises a non-porous 
polymer. Preferably a solid-phase substrate, e.g. plastics, glass, contact lenses. 

Plasma coating of porous and fibrous materials, woven and non-woven materials, are 
also within the scope of the invention (e.g. bandages, gauze, plaster casts). 

Plastics used in the manufacture of cell culture vessel products include polyethylene 
terephthalate, high density polyethylene, low density polyethylene, polyvinyl 
chloride, polypropylene or polystyrene. 

In a preferred method of the invention said cell culture surface comprises a polymer 
comprismg an acid content of at least 2%. Preferably said acid content is 2-20%. 
Altemaidvely said acid content is greater than 20% . The percentages refer to the 
percent of carbon atoms in this type of environment. For example 20% acid means 
that 20 of every one hundred carbons in the plasma polymer is in an acid type 
environment. The acid content of a cell culture surface is determined by methods 
herein disclosed and are known in the art. For example, percent acid maybe 
measured by x-ray photoelectron spectroscopy. 

Polymerizable monomers that may be used in the practice of the invention preferably 
comprise unsaturated organic compounds such as halogenated olefins, olefinic 



carboxylic acids and carboxylates, olefinic nitrile compoimds, olefinic amines, 
oxygenated olefbs and olefinic hydrocarbons. Such olefins include vinylic and 
allylic forms. The monomer need not be olefinic, however, to be polymerizable. 
Cyclic compounds such as cyclohexane, cyclopentane and cyclopropane are 
5 commonly polymerizable in gas plasmas by glow discharge methods. Derivatives of 
these cyclic compounds, such as 1, 2- diaminocyclohexane for instance, are also 
commonly polymerizable in gas plasmas. Particularly preferred are polymerizable 
monomers containing hydroxyl, anaino or carboxylic acid groups. Of these, 
particularly advantageous results have been obtained through use of allylamine or 
acrylic acid. Mixtures of polymerisable monomers may be used. Additionally, 
polymerisable monomers may be blended witb other gases not generally considered 
as polymerisable in themselves, examples being argon, nitrogen and hydrogen. The 
polymerisable monomers are preferably introduced into the vacuum chamber in the 
fomi of a vapour. Polymerisable monomers having vapour pressures less than 1.3 x 
lO'^mbar are not generally suitable for use in the practice of this invention. 

Polymerisable monomers having vapour pressures of at least 6.6 xlO^mbar at 
ambient room temperature are preferred. Where monomer grafting to plasma 
polymerisate deposits is employed, polymerisable monomers having vapor pressures 
of at least 1 .3 mbar at ambient conditions are particularly preferred. 

To maintain desired pressure levels, especially since monomer is being consumed in 
the plasma polymerisations operation, continuous inflow of monomer vapor to the 
plasma zone is normally practiced. When non-polymerisable gases are blended with 
the monomer vapour, continuous removal of excess gases is accomplished by 
simultaneously pumping through the vacuum port to a vacuum source. Since some 
non-polymerisable gases are often evolved firom glow discharge gas plasmas,, it is 
advantageous to control gas plasma pressure at least in part through simultaneous 
vacuum pumping during plasma polymerisate deposition on a substrate in the process 
of this invention. 
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other examples include, fidly saturated and unsaturated carboxylic acid compounds 
up to 20 carbon atoms. More typically 2-8 carbons. Ethylenically unsaturated 
compounds (especially a,P unsaturated carboxylic acids) including acrylic acid, 
methacrylic acid. Saturated including ethanoic acid and propanoic acid. 
Compounds that can be plasma polymerised that readily hydrolyse to give carboxylic 
acid functionalities, e.g. organic anhydrides (e.g. maleic anhydride) acyl chlorides. 



In a further preferred method of the invention said polymer comprises an acrylic acid 
monomer with at least 2% acid content. Preferably said acid content is between 2% 
10 and 10%. Preferably said acid content is about 4-5% (e.g. 4.5%) 

In a further preferred method of the invention said polymer comprises an acid co- 
polymer. The copolymer is prepared by the plasma polymerisation of an organic 
carboxylic acid (or anhydride) with a saturated (aUcane) or imsaturated (alkene, diene 
15 or alkyne) hydrocarbon. The hydrocarbon would be of up to 20 carbons (but more 
usually of 4- 8). Examples of alkanes are butane, pentane and hexane. Examples of 
alkenes are butene and pentene. An example of a diene is 1-7 octadiene-. The 
comonomer may also be aromatic-containing e.g. styrene. 

20 Co-plasma polymerisation may be carried out using any ratio of acid : hydrocarbon, 
but will be typically using an acid: hydrocarbon ratio between the limits of 
100(acid):0(hydrocarbon) to 20 (acid):80 (hydrocarbon) and any ratio between these 
limits. 

25 Plasma polymerised amines are also within the scope of the invention, for example, 
fully saturated primary, secondary or tertiary amines (e.g. butyl amine, propyl amine, 
heptylamine) or unsaturated e,g, allyl amine, which are at least 20 carbons but more 
typically 4-8 carbons. Amines' could be co-polymerised with hydrocarbons as 
above. 

30. 
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The glow discharge through the gas or blend of gases in the vacuum chamber may be 
initiated by means of an audiofrequency, a microwave-frequency or a radiofrequency 
field transmitted to or through a zone in the vacuum chamber. Particularly prefeired 
is the use of a radiofrequency (RF) discharge, transmitted through a spatial zone in 
5 the vacumn chamber by an electix.de comiected to an RF signal generator. A rather 
broad range of RF signal frequencies starting as low as 50 kHz may be used in 
causing and maintaining a glow discharge through the monomer vapor. Jn 
commercial scale usage of RF plasma polymerisation, an assigned radiofrequency of 
13.56 MHz may be more preferable to use to avoid potential radio interference 
10 problems as with examples given later. 

• The glow discharge need not be continuous, but may be kitennittent in nature during 
plasma polymerisate deposition. Or. a continuous glow discharge may be employed, 
but exposure of a substrate surface to the gas plasma may be intemuttent during the' 
15 overaU polymerisate deposition process. Or, both a continuous glow discharge and a 
continuous exposure of a substrate surifece to the resulting gas plasma for a desired 
overall deposition time may be employed. The plasma polymerisate that deposits 
onto the substrate generally will not have the same elemental composition as tiie 
incoming polymerisable monomer (or . monomer.). Dming the plasma 
20 polymerisation, some fragmentation and loss of specific elements or elemental 
groups naturally occurs. Thus, in the plasma polymerisation of allyl^e, nitrogen 
content of the plasma polymerisate is typicaUy lower than would correspond to pure' 
polyallylamine. Similarly, in the plasma polymerisation of acryUc acid, carboxyl 
content of the plasma polymerisate is typically lower than would correspond to pure 
25 polyacryUc acid. Exposure time to eitiier of these um^eacted monomers in the 
absence of a gas plasma, as through intermittent exposure to a glow discharge, allows 
for grafting of the monomer to the plasma polymerisate, thereby increasing somewhat 
fixe level of the fimctional group (amine or carboxylic acid) in tiie final deposit Time ' 
intervals between plasma exposure and grafting exposure can be varied from a 
30 fraction of a second to several minutes. 
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la a jEurtiher preferred method of the invention said fibroblast feeder cells are non- 
proliferative. 

In a further preferred method of the invention feeder cells are rendered non- 
5 proliferative by a method which avoids the use of mitomycin C or irradiation by 
lowering the calcium of the medium. For example calcium levels could be provided 
which enable the grow of mammalian cells in co-culture but inhibit or prevent the 
growth of feeder cells. Typically, calcium levels could be reduced to aboutone-tenth 
physiological levels. 

10 

In a further preferred method of the invention said feeder cells are human fibroblasts, 
preferably human dermal fibroblasts. A further source of feeder cells are oral 
fibroblasts. 

15 According to a further aspect of the invention there is provided a cell culture vessel 
comprising: a cell culture support comprising a substrate wherein said substrate 
comprises a cell culture surface wherein said surface comprises a polymer of an acid 
monomer and attached thereto, non-proliferative fibroblast feeder cells. 

20 In a preferred embodiment of the invention said vessel further comprises mammalian 
cells and cell culture medium wherein said medium does not include serum. 

In a preferred embodiment of the invention said mammalian cells are selected from 
the group consisting of: keratinocyte; fibroblast; adult skin stem cell; embryonic stem 
25 cell; melanocyte. 

In a preferred embodiment of the invention said mammahan cells are keratinocytes, 
preferably autologous keratinocytes. 

30 According to a further aspect of the invention there is provided a method to treat a 
cell culture vessel comprising the steps of: 
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i) 
ii) 
iii) 



providing at least one acid monomer source in a gas feed; 
creating a plasma of said acid monomer; and 

bringing into contact a cell culture vessel with said plasma monomer to 
provide a cell culture vessel comprising an acid polymer. 



Iq a prefenred method of the invention said acid monomer source comprises 30-99% 
acid monomer. Preferably said acid monomer source consists of a 100% acid 
monomer source. Preferably said method consists of a 100% acrylic acid source. 

10 According to a further aspect of the invention there is provided a method to treat a 
cell culture vessel comprising the steps of: 

i) providing a selected ratio of an acid containing monomer and a hydrocarbon 
in a gas feed; 

ii) creating a plasma of said mixture; 

15 iii) bringing into contact a cell culture vessel with said plasma mixture to provide 
a cell culture surface comprising an acid co-polymer. 

In a preferred method of the invention said plasma is created by means of electrical 
power input (radio frequency 13.56MHz), coupled by means of a copper toil or 
20 bands. 

The reactor volume is in the range 2- 10 L and the reactor is pumped by means of a 
double stage rotary pump to a base pressure approaching 10"^mbar. In the case of 
replacing the rotary pump with a turboinolecular pump better base pressures can be 
25 achieved. The monomer pressure is in the range 10"^ mbar to 10"^ mbar and the 
monomer flow rate is 1-10 cm V min. The power would be typically 0.5 -SOW 



continuous wave. Those skilled in the art may adjust these parameters to produce 
like plasmas by pulsing on the micro or milli secod time scales. 

30 An embodiment of the invention will now be described by example only and with 
reference to the following tables and figures: 
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Table 1 is a summaiy of XPS results for plasma polymers made firom acrylic acid aad 
octadiene at lOW; 

5 Table 2 is a siramiaiy of XPS results for plasma polymers made firom allyl amine at 
lOW; 

Figure 1 illustrates peak fitted C Is core level of plasma polymerised acrylic acid 
fabricated at lOW. A = C-C/ C-H. B = COOH/R. C = C-0. D =COOH/R. E=C- 
10 COOH/R; 

Figure 2 illustrates advancing and receding contact angle measur^ents on a pure 
acrylic acid surface fabricated at lOW following submergence in water for 0, 1 and 
24 hours; 

15 

Figure 3 illustrates proliferation of human dermal fibroblasts on plasma polymer 
surfaces after 3 and 7 days of culture. Results shown are the means +/- standard 
deviation of the mean of triplicate cells; 

20 Figure 4 illustrates the appearance of fibroblasts cultured on 100% acrylic acid 
plasma polymerised surface for 3 days with (A) and Avithout (B) serum, 10% foetal 
calf serum (FCS); 

Figure 5 illustrates the attachment of fceratinocytes after 24 hours (A, B) and six days 
25 (C, D) to surfaces as shown by MTT-ESTA assay (A, C) and DNA assay (B, D). All 
cells were fireshly isolated (seeded at 3.8 xlO^ cells/ml). Results shown are the meaos 
+/- standard deviation of tripUcate wells of cells; 

Figpre 6 illustrates the effect of serum on the co-culture of keratinocytes on a 
30 fibroblast feeder layer on a pure lOW acryUc acid surface at day 3, picture A with 
serum and picture B without; 
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Figure 7 illustrates the influence of a fibroblast feeder layer on keratinocyte culture 
on a low acrylic acid surface in the absence of serum. Cells are cultured without 
serum in the absence (A) or presence (B) of a fibroblast feeder layer for seven days. 
5 Arrow X shows a typical differentiated cell aad Y points to a region of golden 
unattached cells; in B a healthy confluent sheet of cells has fomied with well- 
defined boimdaries Z, in the presence of a feeder layer. 

Figure 8 illustrates the effect of serum and irradiated fibroblasts on the proliferation 
10 of keratinocytes on lOW pure acryhc acid. Cells are cultured on surfaces alone and in' 
co-culture for seven days. (A) shows MTT-ESJA values and (B) DNA values. 
Values shown are means +/- standard deviation of n=3 tripHcate wells. Values 
differing significantly firom each other are indicated by * p <0.05, p < 0.01 and 
*** p <0.005; and 

15 

Figure 9 is a DNA assay illustrating the effect of serum on the proliferation of both 
keratinocytes and irradiated fibroblasts, separately and in co-culture at day 4 (Graph 
A) and day 6 (Graph B). Values shown are means +/- standard deviation of n=3 
triplicate wells. Values differing significantly from each other are indicated by * p 
20 <0.05, ** p < 0.01 and *** p <0.005. 

Materials and Methods 

Plasma co-polymerisation 

25 

• Acryhc acid (>99%), octa-l,7-diene (>99%) and allyl amine (>99%) were obtained 
firom Aldrich Chemical Co (UK). They were used as received following several 
fi-eeze-pump/thaw cycles. Polymierisation was carried out in a cyhndrical reactor, 
connected to a vacuum and hquid nitrogen pump. The^ plasma was sustained by a 
30 radio-firequency signal generator (13.56 MHz) and amplifier inductively coupled via 
an impedance matching unit and an externally wound copper coil. Monomers were 
either polymerised or co-polymerised at a plasma power of 2W or lOW at a total flow 




rate of 2.0cm^ (sip) mxa^, A matching network ensured that power loss was minimal, 
the forward power was kept to a maximum and the reflected power was reduced to 
the lowest possible level. Monomer flow rate was calculated by converting the 
pressure change measured in the plasma reactor using a method described by Yasuda, 
5 which assumes ideal gas behaviour [12]. The pressure in the reactor was typically 
3xlO"^bar during polymerisation. Plasma polymers were deposited onto clean 
alimiinium foil coated glass cover slips for XPS analysis; on to clean glass slides for 
contact angle measurements and on to tissue culture well plates (TCPS) for cell 
culture work. Substrates were placed in an identical position in the reactor for each 

10 experiment to avoid any variations in plasma deposition through the reactor. 

A deposition time of twenty minutes was. sufficient to deposit a plasma coating with 
sufficient thickness to mask any substrate signal from the XPS spectrum. In addition, 
the monomer mixtures were allowed to flow for a further 1 5 minutes after the plasma 
had been turned off. This helped to minimise the uptake of atmospheric oxygen by 

15 the coatings upon exposure to the atmosphere [9]. In addition, the flow rate was 
checked at the end of the experiment to check that no leaks had occurred during 
plasma polymerisation. 

X-ray Photoelectron Spectroscopy fXPS) Analvsis 

20 

The coating deposited on the aluminium foil was analysed using X-ray photoelectron 
. spectroscopy (XPS) 30 day after plasma polymerisation to allow for reported ageing 
of the samples, most notably in allyl amine and octadiene plasma coated substrates 
[13]. XPS was performed using a VG CLAM 2 spectrometer with Mg Ka X-ray 

25 source operating at a power of lOOW. The spectrometer was calibrated using the Au 
4f 7/2 peak position at 84.00 eV and the separation between the C Is and F Is peak 
positions in a sample of PTFE measured at 397.2 eV, which compares well with the 
value of 397.19eV reported by Beamson and Briggs [14]. Spectra were acquired 
using a fixed take off angle of 30° with respect to the sample surface using Spectra 

30 6.0 software (R.Unwin Software, Cheshire, UK). A wide scan (0-llOOeV) and 
narrow scans of each sample were acquired. Wide scans were used to obtain the 
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surface oxygen/ carbon (O/C) ratio and the narrow scans used to obtain information 
on the carbon, oxygen and nitrogen binding environments. For the collection of 
spectra for the wide and natxow scan, the analyser pass energies used were 50 and 
20eV respectively. 

ESCA300 (Scienta Software) was used to obtain tihe peak fits of the Cls core level 
spectra. Gaussian-Lorenzian (G/L) peaks of nodx 0.8-0.9 were fitted to the C Is core 
level spectrum using well-established chemical shifts [15]. In the peak fitting, the ftiU 
width half maximums (FWHM) of the peaks were kept equal and in the range of 1 .38 
to 1.67. A hydrocarbon peak was set to 285eV to correct for any sample charging. 
Sample charge was in the region of 4-5eV. 

Contact angle measurements 

Plasma polymer fihns were also deposited onto glass covers slips in order to examine 
the wettability of the surfaces and their stability to dissolution by using contact angle 
measurements. Contact angle measurements are frequently used to monitor the 
change in the concentration of polar and non-polar groups at the outermost 0.5- 
1.0mm of the surface. A Rame-Hart goniometer (model 100-00(220)) from Burge 
Equipment,. UK was employed. All contact angle recordings 'were carried out as 
described in full by this laboratory previously [16] and in accordance with criteria 
laid out by Andrade [17]. Contact angle measurements were taken in both advancing 
and receding modes by adding and removing 4fxl increments of distilled water, up to 
and including 20 jjI. Advancing angles are representative of the low-energy part of 
the surface and receding angles are more characteristic of the high-energy part. At 
least 3 measurements were taken for each sample surface. 



Cell culture 




Human dermal fibroblasts were obtained from the dermal layer of the skin after 
trypsinisation of a split-thickness skin graft, which was taken from specimens 
following routine surgery procedures (breast reduction and abdominoplasty), 
5 following washing in PBS and then minced finely with a scalpel and placed in 0.5% 
coUagenase. Following centrifugation of the collagenase digest and elimination of 
the supernatant, the cells were resuspeuded in lOmls of fibroblast culture medium 
(FCM) in a T25 Flask. The flask is maintained at 3TC in a 5% 002 atmosphere. 

10 Every 500ml of FCM consists of 438.75mls of Dulbecco's Modified Eagle's medium 
(DMEM), 50 mis of Foetal Calf Serum (FCS), 5 mis of 1-Glutaimine, 5 mis of 
Penicimn/Stq)tomycin (10,000 U/ml and 10,000ug/ml respectively), 1.25mls of 
Fungizone. FCM without FCS contains an additional 50mls DMEM to compensate. 
Fibroblast cells were passaged when 90-100% confluent and used betweai passage 
15 numbers 5 and 9. While comparing the attachment of fibroblasts to 2W and lOW 
with and without FCS, flie same flask and passage number of cells was employed. 
Passaging of the fibroblasts was achieved xising 1.5ml of a 1:1 mixture of 0.1% 
trypsin and 0.02% EDTA per T25 flask. The cells required for the lOW experiment 
were frozen at the beginning of the 2W round of experiments in a cryovial to -80°C 
20 in a 1ml solution containing 0.9 ml of DMEM and 0.1ml of DMSO, a cryoprotectant. 
Human epidermal keratinocytes (obtained from breast reductions and 
abdominoplasties) were freshly isolated from the dermal/epidermal jvmction. Cells 
were cultured in Green's media, which included cholera toxin (0.1 nM), 
hydrocortisone (0.4 |agm'*), EOF (lOngm"^), adeniflie (1.8 x 10^, tri-iodo-L- 
. 25 thyromne (2 xlO"' M), fimgizone (0.625 • ^g ml"'), penicillin (1000 lU ml"'), 
streptomycin (lOOO^ig ml"') and 10% foetal calf serum Cells were cultured at 37°C in 
a 5% CO2 atmosphere. Collagen coated TCPS well plates were prepared by air- 
drying a solution of collagen I (32 \Lg cm"^) in O.IM acetic acid (200ug ml "') in a 
laminar flow cabinet ovemi^t. 

30 
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Assessment of cell attachment viability and proliferation 



For investigation of human dermal fibroblast attachment and viabihty, cells were 
seeded at a density of 7.0 x 10^ cells ml^' into 24 separate well plates (1.6cm 
5 diameter). Human epidermal keratinocytes were seeded at a density of 3,8x10^ 
cells/ml. Co-culture experiments used a keratinocyte seeding density of 1.5x10^ 
cells/ml with irradiated demial fibroblasts at 2 xlO'* cells/ml, irradiated for 4780 
seconds using a Caesium 137 sealed sourcb. The plates were plasma polymerised 
spaxt firom the positive control of TCPS. The attachment and viability of the 
10 fibroblasts at three and seven days were assessed using an MTT-ESTA assay. This 
assay indicates viable cells and provides an indirect reflection of cell number, in that 
the cellular de-hydrogenase activity, which converts the MTT substrate to a coloured 
formazan product, normally relates to cell number. Cells were washed with 1ml of 
■ PBS solution and then incubated with 0.5 mg ml'^ of MTT in PBS for 40 minutes. 
SOOfxl of acidified Isopropanol was then used to elute the stain. 150^1 was fihen 
transferred to a 96 weU plate. The optical density was read using a plate-reader set at 
a wavelength of 540nm with a protein reference of 630nm subtracted. In addition, the 
^earance of the cells was assessed and recorded at three and six or seven days. 

The DNA content of the cells (which reflects cell number but not necessarily 
viability) was calculated at the same time periods using a Hoechst fluorescent stain 
(33258 Sigma Chemicals). Cells were incubated in 1ml of digestion buffer for 1 
hour. This buffer consisted of 48g urea, which breaks up the cells and 0.04g of 
Sodium Dodecyl Sulfate (SDS), which protects the cells fi-om DNAase, per 100ml of 
sahne sodium citrate (SSC). Following digestion, cells were stained using the 
Hoechst fluorescent stain, in an SSC buffer at l)ig/ml. A fluorimeter was used to 
measure the fluorescence using excitation and emission wavelengths of 355 and 
460nm respectively. A standard curve of known DNA concentrations was used to 
calculate the DNA content. For aU experimental data presented, cells cultured on 
their own or in co-culture for six or seven days had a firesh change of media at day 
three. 

' ■■ ■■ : 



statistics 



The significance of an irradiated fibroblast feeder layer in improving keratinocyte 
proliferation with and without serum was analysed using a statistical two-tailed 
5 Student t test where values of p<0.05 were considered as statistically significant. 

EXAMPLE 1 
10 Characterisation of plasma co-polvmers. 

Four plasma co-polymer surfaces were prepared fi-om acrylic acid and oct-l,7-diene 
and one from allyl amine at both 2W and lOW powers. Plasma polymers are defined 
the % acrylic acid in the monomer flow. The hydrocarbon diluent, octa-l,7-diene, 
15 allowed control of the resulting fimctional group concentration by promoting cross- 
linking of the acrylic acid monomer. XPS analyses of all plasma polymer surfaces 
deposited onto alxmunium foil from acrylic acid and oct-l,7-diene revealed only 
carbon and oxygen. As expected, the O/C ratios increased as the molar fraction of 
acryhc acid from the monomer was increased. Plasma polymers containing octa-1,7- 
20 diene inevitably incorporated oxygen into the film upon exposure to the atmosphere 
prior to XPS analysis. XPS wide scans of plasma polymerised allyl amine surfaces 
revealed carbon, nitrogen and oxygen in the deposits. It is reasonable to assume 
incorporation of oxygen from the atmosphere may have occurred along with oxygen 
from the plasma. In addition, water is thought to desorb from the lining of the vessel 
walls within the reactor [9]. 

The Cls spectra were peak fitted using a range of oxygen containing fimctionaUties 
[14]. For acrylic acid polymerisations, alcohol/ether (C-OH/R) groups were fitted at 
+1.5 eV, relative to the hydrocarbon peak (C-C/H), carbonyl (C=0) at +3.0 eV, 
carboxyl/carboxylate (COOH/R) at +4.0 eV and finally a P-shifted carbon, relative to 
the hydrocarbon at +0.7 eV. For octadiene, COOH/R and a p-shift were not fitted. In 
the peak fit, the ether fimctionality is counted twice since two carbon atoms 
experience the same shift brought about by one shared oxygen atom. While XPS 
cannot distinguish between ester and carboxylic acid groups, Alexander and Due 



employed tri-fluoro ethanol (TFE) to label acids in plasma-polymerised acrylic acids 
and have shown that at similar power/flow ratios to those employed in this study, 
approximately 30% of the carboxylate peak can be assigned to acid [18], O'Toole ei 
al concluded using graziag angle IR spectroscopy that lOW fabricated acrylic acid 
samples contained a greater proportion of ester rather than acid groups. Conversely, 
at low powers (<5W), tiie entire COOHTR may be assigned to tiie carboxylic acid 
functional group [19]. Based upon these studies, we acknowledge that not all of the 
COOH/R group will be acid. The correlation between the proportion of acrylic acid 
in the monomer feed and the resultiag concentration of carboxylate groups in the 
plasma polymer is shown in Table 1 for lOW surfaces, A narrow scan spectra for a 
pure acryUc acid plasma polymer fabricated at lOW is illustrated in Figure 1. No data 
is provided for 2W polymerisations. 

Cls core level fits for allyl amine were peak fitted for nitrogen-containing 
functionalities using chemical shift values reported from the Hterature [14, 20]. The 
XPS data were quantified and are shown in Table 2. Functionalities fitted were imine 
(C=N) at 0.9eV, amine (C-NR2) at 1.7eV and amide (CNO) at 3.0 eV. However, the 
nature of the amine (primary, secondary or tertiary) is imknown. Errors arising from 
peak fitting and in the measurement of peak areas used to determine surface 
elemental concentrations are geiierally considered to be -hA5% [14]. In the calculation 
of both the 0/C and N/C ratio from the peak fit, the total number of carbons bonded 
to either the oxygen or nitrogen was dividesd by 100 carbon atoms to yield respective 
O/C and N/C ratios. 

EXAMPLE 2 
Stability of surfaces 

Advancing and receding contact angle measurements were recorded on all 2W and 
low plasma polymerised glass sUdes following immersion in water 0, 1, and 24 
hours at 37°C in a 5% CO2 atmosphere. The relative hydrophobic/ hydrophilic nature 
of each fihn was noted with the addition and removal of 4|j.1 increments of distilled 






water. With the 2W plasma polymerised surfaces there was considerable variation in 
the contact angle measurements — often the surfaces would visibly detach from the 
glass cover slip followmg immersion in water and these were therefore unsuitable for 
cell culture purposes (data not shown). In contrast the lOW surfaces were very stable 
5 to inmiK^ion in water for 24 hours as illustrated in Figure 2. The most hydrophobic 
low surface was the pure hydrocarbon octadiene (89°) and the most hydrophilic was 
the pure acrylic acid surface (46°). Figure 2 shows an example of a pure acrylic acid 
low surface stable to dissolution over 24 hours. The other lOW surfaces shared a 
similar stability to dissolution. From these results the decision was made to continue 
1 0 work with 1 OW rather than 2W surfaces. 

EXAMPLE 3 

Fibroblast culture on plasma co-polvmers 

15 

The attachment and proliferation of human dermal fibroblasts on lOW plasma 
surfaces was examined usiag MTT and DNA assays at three and seven days culturing 
cells with and without Foetal Calf Serum (FCS) (See Figure 3). Photographs were 
also taken to record the morphology of the cells (Figure 4). Similar results were 

20 obtained whether cell behaviour was assessed by DNA assay or MTT assay for cell 
viability. At three days and seven days cells performed poorly on the 100% 
octadiene surface but well on all other surfaces whether tissue culture plastic or 
surfaces containiag .30, 60 or 100% acrylic acid or allyl amine. Cells clearly 
performed better in the presence of serum than in its absence and this was much more 

25 evident by day seven (considerable cell proliferation would have taken place by day 
seven but relatively little at day three). This is also evident in the appearance of the 
fibroblasts seen ia Figure 4, where on 100% acrylic acid at three days cells ia the 
presence of serum were well organised and in greater number (Figure 4A), but in the 
absence of serum cells were clearly fewer in number with relatively abnormal 

30 cytoskeletal arrangement (Figure 4B) compared to fibroblasts in the presence of 
serum. 
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EXAMPLE 4 

Keratinocvte culture on plasma co-polymers. 

In assessing keratinocyte performance on these surfaces, two internal controls were 
used, tissue culture plastic (TCPS) and collagen 1 which keratinocytes attach to 
readily. Freshly isolated keratinocytes were seeded at 3.8 x 10^ cells/ml on all 
surfaces in 24 well plates. Keratinocytes were cultured in standard Green's media in 
the presence and absence of foetal calf serum. Keratinocytes cultured without FCS in 
the medium had attached well after 24 hours (Figure 5 A, B) but were less able to 
proliferate in the absence of serum as was evident by six days (Figure 5 C, D). Here 
in contrast to the fibroblasts, which attached and prohferated eqtially well on all 
surfaces, the percentage of acrylic acid in the monomer feed had a significant effect 
on the level of keratinocyte attachment irrespective of whether this was assessed by 
MTT or DNA assay. Again, generally the level of cell attachment and proliferation 
as estimated by the MTT-ESTA assay, by day six mirrored that shown for the DNA 
assay (Figure 5). On the pure acrylic acid surface containing 9.2% COOHTR, the 
level of keratinocyte proliferation in serum containing media was greatest and 
comparable to that measured on collagen I (Figure 5 C, D). Throughout all 
experiments the cells performed poorly on flie 100% octadiene surface. 

EXAMPLE 5 

Co-cultur e of human dermal fibroblasts and epidermal keratinocytes on 100% 
acrylic acid surface fabricated at lOW 

The surface selected for co-culture of both cells was the 100% acrylic acid surface as 
this provided the best surface for attachment and proliferation for the keratinocj^es 
and as fibroblasts also performed well on this surface (as they did on surfaces 
fabricated using lower percentages of acrylic acid in the monomer flow). This lOW 
surface was then chosen to investigate co-culture conditions for these two cell types 
exploring culture of keratinocytes in the presence and absence of foetal calf serum. 




As a substitute for foetal calf serum irradiated fibroblasts were used. The irradiated 
fibroblasts were initially seeded at 2 xlO"* cells/ml for 24 hours in DMEM in the 
presence of serum. Thereafter, for any co-culture investigation, the media was 
removed and replaced with keratinocytes seeded at 1,5 xlO^ cells/ml either with or 
5 without serum. Keratinocytes (with and without serum in the media) and irradiated 
fibroblasts were also cultured on their own for comparative purposes. A positive 
control of Collagen I was employed throughout. By three days, the keratinocytes had 
formed colonies well in the presence of an irradiated dermal feeder layer both with 
and without serum in the Green's media (Figure 6). However, by day seven, 
10 keratinocytes cultured without irradiated fibroblasts under serum free conditions had 
started to detach from the surface (Figure 7A). Li contrast, cells in serum-free media 
in the presence of an irradiated fibroblasts (Figure 7B) had formed a confluent 
healthy sheet of keratinocytes and were starting to form multilayers. 

15 Quantitative data on the contribution of the fibroblast feeder layer under serum free 
conditions is shown in experiments summarised in Figures 8 and 9. The MTT-ESTA 
and DNA data in figure 8 illustrates the improved performance of the keratinocytes 
both in terms of attachment and proliferation in the presence of an irradiated 
fibroblast feeder layer under serum free co-culture conditions after seven days of co- 

20 culture. Co-culture of cells was also explored in a commercially available defined 
media (Gibco defined media), which has been designed to optimise the proliferation 
of keratinocytes. As can be seen, both MTT and DNA values clearly indicate that in 
the absence of serum there is considerable synergy between the irradiated fibroblasts 
(which contribute negligible DNA themselves) and the keratinocytes (which on their 
25 own do badly m the absence of serum). Co-culture of cells in Gibco medium (no 
- . serum?) also did very well compared to cells in serum containing conditions on the 
1 00% acid surface or cells on collagen I. 

In the final experiments, firrther steps were taken to exclude serum contamination 
30 < from fibroblast cultures by irradiating fibroblasts in serum-free media and then 
maintaining them with the keratinocytes, serum free for the entirety of the 
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experiment. When both cells were combined serum j&ee on the 100% acrylic acid 
surface then DNA values equivalent to that seen in the presence of serum were 
achieved at day four and day six (Figure 9 A, B). When keratinocytes were cultured 
on 100% acrylic acid or on collagen I in the presence of serum, the addition of a 
fibroblast feeder layer made little dijBference; in contrast however in the absence of 
serum, where keratinocytes on 100% acryhc acid performed relatively poorly, tiie 
addition of a fibroblast feeder layer dramatically improved keratinocyte prohferation 
(as also illustrated in Figures 7 A, B). Comparing the results at day 4 with those at 
day 6 (Figures 9 A, B), it is clear that cultures continued to proliferate. Sirailar results 
were obtained whether cells were cultured in Green's media serum firee or in Gibco 
serum firee media. • 

The purpose of this study was to develop a surface for culture and transfer of 
keratinocytes which could be used clinically and which might have advantages over 
15 other approaches for delivering keratinocytes to patients' wounds. Of the • 
methodologies currently available, ejspansion of keratinocytes on a lethally irradiated 
layer of mouse fibroblasts and then detaching these cells as an integrated sheet of 
cells using trypsin is the current "gold standard" (Rheinwald and Green [1]). This 
method has been in use since the early 1980s and has been used in the treatment of 
20 patients with extensive skin loss due to bums injuries in Europe and the USA. 
Unfortunately, its acknowledged that the clinical "take" of these cultured skin grafts 
is generally less than 50% overall [2,3]. This maybe due to a combination of factors, 
including the condition of the patient's woxmd bed. However, there are two issues of 
cell culture which no doubt contribute to this poor take - one is that cells are 
25 detached enzymically and this can cause damage to the cell surface receptors 
(integrins) which keratinocytes require for adhesion to the wound bed. The second 
issue is that in order to form an integrated sheet of cells appropriate for attachment, - 
cells are cultured until they are well advanced in terms of differentiation. Such cells 
are less likely to perform well on a woimd bed. It was against this background, that 
30 we developed a plasma polymer sxirface for the culture of keratinocytes and transfer 



of cells to wound bed, which avoided the need to use trypsin to detach the cells and 
which did not require cells to fonn a confluent sheet. 

The current study seeks to develop this work fiarther by introducing a fibroblast 
feeder layer to aid the expansion of keratmocytes on this surface, to help maintain 
keratinocytes in a proliferative phenotype and, .as part of this approach, to explore the 
possibility of developing a culture system that could be serum free. 

The main findings of this study are that it is possible to get as rapid an expansion of 
keratinocytes on a lOW plasma polymer surface containing 9.2% COOH/R groups 
under serum firee conditions if a feeder layer of fibroblasts is present as can be 
obtained by the current "gold standard" method of culturing cells on irradiated mouse 
fibroblasts with foetal calf serum present. Cells can be cultured successfiilly on a 
surface coated with collagen I and have indeed been used clinically, however, sources 
of collagen I are usually bovine collagen [4]. A concem throughout Europe currently 
is that BSE cannot be detected by any in vitro tests and therefore it is impossible to 
be confident that bovine material is BSE free unless it comes from herds that have 
never been exposed to BSE. While this is not viewed as a major concem in the US, 
European regulatory authorities would prefer that cells that are cultured for clinical 
use avoid the use of bovine, and indeed other animal-derived products, to reduce the 
risk of disease transmission. Thus, a *holy grail' of cell culture for clinical use is to 
develop an entirely defined culture system. The work presented in this study^s an 
important step towards that goal. 

We shall first of all discuss the nature of the surface and then the behaviour of the 
cells on the surface. Plasma polymerisation of acrylic acid and oct-l,7-diene 
produced a wide range of plasma polymers with varying concentrations of carboxyl 
/carboxylate groups (COOH/R). The XPS data showed a linear relationship between 
the O/C ratio and the fraction of acrylic acid in the monomer feed. Contact angle 
measurement results iUustrated the unstable nature of the 2W plasma polymer film .Q 
and their susceptibility to peel away from the glass slide following submersion m 
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distilled water. A previous study from this group demonstrated this problem with low 
power films and overcame it by incoiporating of octa-l,7-diene into the monomer 
feed, providing cross-linking with the acrylic acid and improving the stability of the 
surface [16]. Alternatively, by increasing the power to 10;W it was possible to 
improve the stability of the surface as illxistrated by Figure 2 and this option was 
chosen for these studies. A downside to employing a higher power was the increased 
fragmentation of the monomer resulting in a greater range of oxygen-carbon 
ftmctionalities, making it more difiBcult to ascribe the exact percentage of acid groups 
present. 

Human dermal fibroblasts were initially successfully cultured on acrylic acid and 
allyl amine based plasma polymer surfaces with FCS in the media. Without serum 
the fibroblasts were unable to proliferate, this was evident after 72 hours of culture. 
Throughout the experiment, the 100% octadiene surface acted as a negative control, 
indicating the significance of the surface chemistry of both the acrylic acid and allyl 
amine surfaces in providing attachment for the human dermal fibroblast cells. 
Greisser et al have noted the affinity of negatively charged proteins to the positive 
charge provided by protonated amine groups (amide groups) at physiological pH 7.4 
[21]. Although there is no reported work on the culture of human dermal fibroblast 
cells on acrylic acid based plasma polymer surfaces, many studies have noted that 
fibroblasts spread on a wide range of higher surface energy surfaces [22, 23]. The 
MTT and DNA results for the culture of human dermal fibroblasts on lOW surfaces 
support both of these statements. Good cell attachment was witnessed on the 100% 
acrylic acid surface at lOW, containing 9.2% COOH/R groups but good attachment 
was also seen on lower percentage aciyUc acid surfaces as well, containing less than 
9.2% COOHZR groups and the pure allyl amine surface. The advancing and receding 
contact angle measurements, monitoring the stability of this surface to dissolution 
fiirther acnphasised the suitability of these lOW plasma polymers for .cell culture 
applications. 
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The attachment of human epidemial keratinocytes to plasma polymer surfaces was 
clearly best on the 100% acryhc acid surface fabricated at lOW. An increase in the 
amount of acrylic acid in the plasma polymer led to an increase in proliferation of 
keratinocytes. Cell attachment to this surface was comparable to the ceU attachment 
5 to collagen I, a well-estabUshed substratum material for culturing keratinocytes. The 
performance of the keratinocytes serum-free was better than the fibroblasts, but it is 
important to note the higher initial cell deusity employed in this experiment (3.8x10^ 
cells/ml) compared to fibroblasts cell density of 7x10^ ceUs/ml. This was to account 
and compensate for the high percentage of already differentiated keratinocytes, which 
occur following isolation of the freshly isolated keratinocytes from the 
epidennal/dermal junction. Previous studies examining ceUular attachment to plasma 
polymer surfaces have noted optimal keratinocyte attachment on 2W pure acrylic 
acid surfaces, containing 2.3% carboxyUc acid groups. Due to the greater degree of 
fragmentation of the monomer in the plasma at lOW (c.f 2W), the relative 
15 contribution of acid to the COOH/R peaks is unknown but certainly less than 100% 
not unreasonable to assume that < 50% of COOH/R is carboxyl (:<4.6%) [19]. 

Co-culture of keratinocytes with fibroblasts clearly illustrated the benefit of an 
iiradiated human dermal fibroblast layer in enhancing the performance of the 

20 keratinocyte in the absence of serum. When irradiated fibroblasts and keratinocytes 
were co-cultured with serum the contribution of the fibroblast to keratinocyte 
proliferation was marginal compared to their contribution in serum free data. It 
appears that the feeder layer provides all the necessary growth factors and 
extraceUular matrix proteins sufficient to support serum free keratinocyte growth. 

25 This supports and extends the observation initially reported by Rheinwald and Green 
using a 3T3 cell line under serum containing conditions [1]. 

The major benefit in avoiding the use of serum currently lies in avoiding problems 
associated with detecting BSE. For this reason we used human rather than mouse 
30 fibroblasts in this study. (In this study human fibroblasts were initially expanded in 
media with sera and then cultured under serum-free conditions. For clinical use it 
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will be necessary to expand fibroblasts fi:om the initial patient biopsy using serum- 
free defined media containing recombinant roitogens). In considering how cells 
attach to a surface it was interesting to note that both fibroblast and keratinocytes 
attached successfixUy to the lOW plasma polymer surface under serum firee 
conditions (although neither proliferate well in the absence of serum). Attachment of 
cells could be occurring directly to the surface or through a protein layer attached to 
the surface [9]. When serum is present the protein coating the sxuface will be serum 
derived; in its absence the cells themselves may secrete the proteins. A typical 
example is fibroblasts, which secrete large amounts of fibronectin in culture (as 
outlined in Ralston et al [7]). Serum in contrast contains both adhesive (fibronectin 
and vitronectin) and anti-adhesive proteins (e.g. very large amounts of albxmiin). 
Serum also contains a range of platelet-derived mitogens such as platelet-derived 
growth factor (PDGF), epidermal growth factor (EGF) and transforming growth 
factor (TGF-P) which all stimulate cell proliferation [25]. It is because of these 
mitogens that serum is extensively used in cell culture. In producing defined media 
recombinant mitogens are used. 

The aim of this study was to develop improved methodology for the expansion and 
transfer of mammalian cells, in the example, keratinocytes, for clinical wound 
healing. We sought to culture cells on a surface appropriate for cell delivery to 
wound beds while imjproving the rate of keratinocyte expansion and developing a 
culture system which did not require the use of xenobiotic materials. The approach 
we took was to culture keratinocytes on a plasma-polymerised copolymer introducing 
growth arrested human dermal fibroblasts as a source of mitogens for keratinocyte 
expansion. Plasma copolymers of acryhc acid/octa-l,7-diene and allyl amine were 
prepared and characterised using X-ray photoelectron spectroscopy (XPS). Polymers 
were fabricated at 2W and lOW. lOW surfaces proved more stable than 2W surfaces. 
Fibroblasts attached and proliferated well (in the presence of foetal calf serum) on all 
surfaces fabricated with 30-100% acrylic acid in the monomer flow. In contrast, 
keratinocytes proved more selective and only attached and proliferated on surfaces 
produced firom 100% acrylic acid (giving a 9.2% carboxyl/carboxylate in the plasma 
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deposite) with relatively poorer attachment with the addition of octdiene to the 
monomer flow, compared to attachment to collagen L Attachment of fibroblasts and 
keratinocytes was not greatly affected by the omission of serum but serum was 
required for proliferation of both cells. However, using a pure acrylic acid surface, 
5 fabricated at power of 10 W and a non-proliferattve fibroblast feeder layer of human 
dermal fibroblasts, rapid expansion of human keratinocytes was achieved in entirely 
serum firee conditions. The results obtained were as good as those obtained culturing 
keratinocytes and growth arrested fibroblasts on tissue culture plastic or on a 
substrate of collagen I in the presence of serum. Thus, by combining a chemicaUy 
10 defined surface and growth-arrested fibroblasts, keratinocyte expansion can be 
achieved under serum free conditions. This culture system offers an attractive 
approach for the culture of keratinocytes for clinical use. 

The potential of serum free co-culture of keratinocytes on plasma polymers is 
15 exciting. There Ues the opportunity to utiHse plasma-polymers as synthetic surfaces 
enable of acting as a cell dehvery vehicle to wounds free of animal based products. 
The next stage in developing the serum-free co-culture system for clinical use will be 
to examine the performance of keratinocytes in the absence and presence of 
fibroblasts in transferring to an in vitro wound bed model (as recently performed 
20 from our laboratory) [lOJ. 

In summary the current study shows that the addition of irradiated human fibroblasts 
to the culture of human epidermal keratinocytes on a lOW plasma polymer surface 
containing 9.2% COOHMR. groups allows accelerated keratinocyte proliferation under 
25 serum fiiee conditions. 
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CLAIMS 



1. A method for the culture of mammalian cells comprising the steps of: 
i) providing a cell culture vessel comprising: 
5 a) mammalian cells; 

b) a cell culture support comprising a substrate wherein said substrate 
comprises a cell culture surface wherein said surface comprises a 
polymer of an acid monomer and attached thereto, fibroblast 
feeder cells 

10 c) cell culture medium sufficient to support the growth of said 

mammalian cells wherein said medium does not include serum; 
and 

iii) providing cell culture conditions which promote the proliferation of 
said mammalian cells. 



2. A method according to Claim 1 wherein said mammalian cells are human. 



3. A method according to Claim 1 or 2 wherein said mammalian cells are 
selected firom the group consisting of: epidemial keratinocytes; dermal fibroblasts; 
20 adult skin stem cells; embryonic stem cells; melanocytes, corneal fibroblasts, comeal 
epithelial cells, comeal stem cells; intestinal mucosa fibroblasts, intestinal mucosa 
keratinocytes,oral mucosa fibroblasts,oral mucosa keratinocytes, urethral fibroblasts 
and epithelial cells, bladder fibroblasts and epithelial cells, neuronal glial cells aad 
neural cells, hepatocyte stellate cells and.epithelial cells. 

25 

4. A method according to Claim 3 wherein said mammalian cells are autologous 
keratinocytes. 

5. A method according to any of Claims 1-4 wherein said substrate comprises a 
30 non-porous polymer. 
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6. A method according to any of Claims 1-4 wherein said substrate is a solid 
phase substrate. 

7. A method according to any of Claims 1-4 wherein said substrate is a porous 
material. 

8. A method accordingto Claim 7 wheren said material is a woven material. 

9. A method according to Claim 7 wherein said material is a non- woven 
material. 

10. A method according to any of Claims l-9.wherein said cell culture surface 
comprises a polymer comprisiQg an acid content of at least 2%. 

11. A method according to any of Claims 1-10 whereia said surface comprises a 
polymer comprising an acid content between about 2-20%. 

12. A method according to any of Claims 1 -9 wherein said surface comprises a 
polymer comprising an acid content greater than 20% . 

13. A method according to any of Claims 10-12 wherein said polymer comprises 
an acrylic acid monomer with at least 2% acid content 

14. A method according to Claim 13 wherein said acid content is between 2% 
and 10%. 

15. A method according to Claim 14 wherein said acid content is about 4-5% 
(e.g, 4.5%) 



16. A method according to aay of Claims 1-15 said polymer comprises an acid 
co-polymer. 



17. A method according to any of Claims 1-16 wherein said fibroblast feeder 
cells are non-proliferative. 



18. A method according to Claim 17 wherein said fibroblast feeder cells are 
rendered non-proliferative by lowering the calcium of the growlh medium. 

19. A method according to any of Claims 1-18 wherein said feeder cells are 
human fibroblasts. 

20. A method accordiag to Claim 19 wherein said fibroblasts are dermal or oral 
fibroblasts. 

21 A method according to Claim 19 or 20 wherein said fibroblasts are 
autologous. 

22. A cell culture vessel comprising: a cell culture support comprising a 
substrate wherein said substrate comprises a cell culture surface wherein said surface 
comprises a polymer of an acid monomer and attached thereto, non-proliferative 
fibroblast feeder cells. 

23. A vessel wherein said vessel further comprises mammalian cells and cell 
culture mediimoi which medium does not include serum. 

24. A vessel wherein said mammalian cells are selected firom the group consisting 
of: epidermal keratinocytes; dermal fibroblasts; adult skin stem cells; embryonic stem 
cells; melanocytes, corneal fibroblasts, corneal epithehal cells, corneal stem cells; 
intestinal mucosa fibroblasts, intestinal mucosa keratiaocytes,oral mucosa 
fibroblasts,oral mucosa keratinocytes, urethral fibroblasts and epithelial cells, bladder 
fibroblasts and epithehal cells, neuronal ghal cells and neural cells, hepatocyte 
stellate cells and epithehal cells. 
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25. A vessel according to Claim 24 wherein said mammalian cells are 
keratinocytes, preferably autologous keratinocytes. 

26. A method to treat a cell culture vessel comprising the steps of: 

i) providing at least one acid monomer source in a gas feed; 

ii) creating a plasma of said acid monomer; and 

iii) bringing into contact a cell culture vessel with said plasma monomer to 
provide a cell culture vessel comprising an acid polymer. 

27. * A method according to Claim 26 wherein said acid monomer source 
comprises 30-99% acid monomer. 

28. A method according to Claim 26 wherein said acid monomer source consists 
15 of a 1 00% acid monomer source. 

29. A method according to Claim 28 wherein said acid monomer source consists 
of a 100% acrylic acid. 

30. A method to treat a cell culture vessel comprising the steps of: 

(i) providing a selected ratio of an acid containing monomer and a 
hydrocarbon in a gas feed; 

(ii) creating a plasma of said mixture; 

(iii) bringing into contact a cell culture vessel with said plasma mixture to 
provide a cell culture surface comprising an acid co-polymer. 

31. A method according to Claim 30 wherein said plasma is created by means of 
electrical power input coupled by means of a copper coil or bands. 
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Abstract 



Cell Culture 



5 The invention relates to a method for cultuiing mammalian cells which reduces 
transfer of xenobiotic material to said cells. 
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Table 1: Summary of XPS results for plasma polymers made from AcryUc acid and 
Octadiene at lOW. 
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Figure 1. Pealc fitted C Is core level of plasma polymerised acrylic acid fabricated at 
low. A = C-C/ C-H. B = COOH/R. C = C=0. D =COOH/R. E=C-COOH/R. 



Table 2: Summary ofXPS results for plasma polymers made from allyl amine at 

low. 
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Figure 2: Advancing and receding contact angle measurements on a pure acrylic acid 
surface fabricated at lOW following submergence in water for 0, 1 and 24 hours. 
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Figure 3: Proliferation of human deimal fibroblasts on plasma polymer surfaces after 
3 and 7 days of culture. Results shown are the means +A standard deviation of the 
mean of triplicate cells 
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Figure 4: Appearance of fibroblasts cultured on 100% acrylic acid pi; 
polymerised surface for 3 days with (A) and without (B) serum, 10% foetal calf s( 
(FCS), 
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Figure 5: Attachment of keratinocytes after 24 hours (A, B) and six days (C D) to 
surfaces as shown by MTT-ESTA assay (A, C) and DNA assay CB, D). AU cells were 
freshly isolated (seeded at 3.8 xlO^ cells/ml). Results shown are the means +/- 
standard deviation of triplicate wells of cells. 




Figure 6; The effect of serum on the co-culture of keratinocytes on a fibroblast 
feeder layer on a pure lOW acryUc acid surface at day 3, picture A with serum and 
picture B without. 
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Figure '7: Influence of a fibroblast feeder layer on keratinocyte culture on a lOW 
acryUc acid surface in the absence of serum. Cells are cultured without serum in the 
absence (A) or presence (B) of a fibroblast feeder layer for seven days. Arrow X 
shows a typical differentiated cell and Y points to a region of golden unattached cells. 
In B a healthy confluent sheet of cells has formed with well-defined boundaries Z, in 
the presence of a feeder layer. 
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Figure 8 
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